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(54) WIDE BAND RAMAN AMPLIFIER 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a distributed 
Raman amplifier which has a flat gain over a wide 
wavelength range. 

SOLUTION: The specification describes a distributed 
Raman amplifier with multiple pump sources for wide 
band amplification of wavelength division multiplexed 
(WDM) signals. It was recognized that using multiple 
pump sources introduces non-linear effects, such as 
four wave mixing (FWM). These effects are reduced by 
multiplexing the pump wavelengths in the multiple pump 
source. It was also recognized that not all of the pump 
wavelengths over the wavelength spectrum of the pumps 
contributes to FWM. Thus fewer than all of the pump 
wavelengths require multiplexing to eliminate FWM in the 
multiple wavelength pump source. Various approaches 
are described to ensure that the pump wavelengths do 
not interact in FWM in the transmission span. The 
selected individual pump wavelengths may be either time 
division multiplexed, or frequency modulated. 
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[0 0 19] FWM5aSCD«MlC[S]ltfcaj^M^¥* 
It. »BCD#>tr>ya*tB*«#11*Bfls (TDM) 

PBlCDffiS^^*t,^i:*FWMfcJ:L;te(D^Sfe#^^ 
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7 5. fc4tf. 7 6t^t^SI*HW-1'A-XP7h 
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I4. 1 44 5nm. 1 466nm, 1 4 8 0 n m. 14 
9 4nm. fi«fctf. 1 50 8 nm"efcS o C(0Hl4C/< 
> KO)-ffl(D^t*t?A<. C+L/O K(7>ffe(DgP#(4£ 
ttttlzntta>»Jl£»'r. «Wfl4. S1 5 2 7 nmlCfc 
lt*8k*«SL©e— »3&«. 5 08n 

m. 1 4 9 4 nm. fej:tf. 1 4 8 0 n mO>[ffla> F WM 

14. "ZH-etiv P 1 . yp2. fe«fcl*. vp3fc*tJ£f 
-So 1 5 2 7 nmlrfeltSfcf— 2 14. V FWM|Z*Jl£-f 
So 15 1 5 3 7 n mlCfeltS fcf— £ 14. J/p1^149 
4nm. I/ P 2#1 480nm. fe«fctf. l/p3^14 
4 5nmt^FWM(Dgit'fc4o £) 1 5 4 0 n m\Z 
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94nm. fecfcl/. fp3^1 46 6nmffe^FWM 
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**zfc#&»Tfc*citf-*B«*tefcHL 
[002 1] ^«(DgWI4. TDM0>ft§^. 

Ba»KB**tf=*>e>y • v-x^t^c 

£f::J:o-Ci*jS-C#S. m-V-X ■ $f-f sj— K"C» 

a>**<D*tftt»S*U LfctfoT. FWMfC^-rSnT 
Btt*»*-r*. CCD^*I4I^1 1 CZT*. 
MSIBBBV— 114. B8 0>aa©4r-f*— K7 1 

-7 3(DttsbyiC«ffl4*VTL>*o -O^I4. i*<0 

I4. H8a>*>X-T-A0)fc«>a><i«B*l5i:lcl4+»lcB 

(4. **WG>5/*t.M4. 3amMl3. *fc|* % FMfS 
icoutli * & I^S&SMIc £ x^ffi-T S ZL t t<T*£ S o ' 

LTlW***i*c:t = ttt»B-e** 0 flit. 
If. 010 (FM) &£tfBl 1<&«3!£V *— K#i 
4 8 0-1 5 0 8 nm0fig®5ffllZt>fc-3"Cij)f^T*§-S 
— 1 4 2 0~ 1 4 8 0 nmflDfiSBKfel^TMfM"* 

ayco7K>^i4. cwtittt4i^oy-f t- K-c* 

So 

[0 0 2 2] «-»^^>*^*B4*lfc#>^*iii» 
¥^**ifc^T> ■ ^rV>l4-Si:*So ±"C0)*as 

a>$t#a)«aicH-r4ia*a)W5Ei4. ±r(0^>e>^ 

^Sf^OtxTO±tt:M35:Sm^gA<5 0kHz £Jl[h}S 
^*tfc4Ct***LtL^ 0 LfcA^oT. «SSI4 
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[0 0 2 3] Z*L£.(BjS#r£fTfco5iL-e. «l>StfiT? 

(±^<'EE-Sfc#>-efc-S. LfctfoT, <D£AM=>* 

£<£ffl-T-S - kOMz «fc oTfl* FWMCD&R££It§* 
nJfii<!:-f-5o 2>m<tZtitzV-X±W%&±\zi£}mtT 
-SfcttKI*. fcfvyjfcgl-fci-r -5 9 s • ^ 

-f K ■ V-Xft<. ^^*/W-^«js&-r*«fc5l= 
0flS£;h-5C£;b<£lligKlij&g£fc£. glvfc 

*v— xksm-*/^— w*s«*u TDM^ev 

[0 0 2 4] e^CDTK^^-COJ^Vi/ • X*fl,¥— 35 
j&roJgjEt^-Sfci&Klis ffi5ftffl©I*^SMftt, 
-r?5:t)*.s 1 kmJU±-Cfc-SCi:£!&gi:-f -5. C 

|r(*1 km£jg*.-S. -T'S^*). 3~ 100 km) £S 
LtU<, Sfcli, gt«fcigi|>Ig^/\*-<Xlc<£ffl<k;h.& 
pfe 7 t -T / <(Dg $ T? £> o T * J; L>o 
[0025] g«)-r*vii. frBtoKz/tf:/? • v-xro 

2) ^Sft©S^Si|^-r*Ci:lZd:-oT, 
gt^SX^^V^j&tfccfctfi&Mfcfc: — 5> 
-jW£^*;h.-So 

3) FMV-xlc^<k**v«.S3S»®HA<(SM*4x 

-So 

EKrofgaxf-WST-T-So 
[0026] tfcjfc&fgw^-ei*. £Stf>:7 • ->x^ 

S. ^&*<fc:M^©&2l4, llTDMifcliFM^ 



s liigsica^fcistttca-s < ^aib £ *vfc# > ? 
*ss^ffl £ t/ w *Rtt#*«tt«-r -5 z t £ ssmiz-r 

•So C4x£s @1 2fcJ:t/1 3lc«SWIc^-ro cro#J 
^W->X^AI-fe^TI*. 4oa>^>e>-yjKSA<ffiffl 
£*t-CU-5o E35fi;1-&(OS-j£^lo:. A 1 +A 2 + A 3fc 
<fcl/A1+A2 + A 4©M^-^1±-l=J:orS!±$4x 
So %LA 1 <tA3|zfclt-57K>?<02EiS*<S>Sy£ 
IV A 2 k A 4 l~o3lt'S^>'^'fl)^i@A<M^E U a 

-jti^ii. ±ro?wS7S:FWMii^^-et'S)= 

A 1 irfcltS>7K>^l±-?-*i-et, A 3lcfclt^.^>^$li 
A 2IZj3lt-S^>^l*A 3ICfclt^^>^^7K 
^tf^y-C^^.. PJC¥5£I*. 2 0(75FMV-XIC^tL 
-Ct,&ffl-C-£\ -ceii. 1 -3(DV— XA<A 1 7b>t> A 2 
*T?ffi§|-T-S-^. 9JOV— X*U Si'*?) A 4 ^ 

&it7\i^t?>7 ■ v— x^Jg*i|-r-5fctf)i^fijiz^ffl$ 

[0 0 2 7] T DMSfcl*FM/K>t°^y ■ V— Xrofc 
feWlg^StLr. eaifl>±g^ffiffl-r-Si:tN58E^: 

¥J£«>SBfl*. Sifi. *H^ltm6. 1 6 3. 63 0§ 

1. sx h— j?x ■ k^^l^o m2jfe*>e>yic 

fcl+-SC?i: LT. mmtfr*> 1 X I — ?X ■ hg|*t 

fcm 1 ;*x h— ?x ■ /K>^^*>e>-^-r-sfctoic. 

AMfcffl^+l-So 11 4fcJ:U:i C^.$-^-r. 2-3 

<B8li££^-#-» Slfl>lg^(Dll1 4-CI±, misfefcj:i; 
n2.&om?50>it^?k*>. la^3felctt;g£Lrj£^>f 

>^*htu*. m2*7K>^A<mi^>^sm* 
fc*<o-c. mi?)??K>^A<<s#^^>f>y-r*o Lfc 

tfot. cHii. ^r</\*ro<i#A*4ffiOifi<r-<i#ii 
♦i-r-sct$piflii--r*. c<o¥^rom2<o^S6«icfc 

^> (co-puraped) iti*) (315) >f 1** 
>^lt)2^>e>^$ii«.o S2*^>^li. 7r-f/< 

roA*4Si=feUNrmi*/-K>^^7t<>e>^u. 

l±. Wi^XX^7&m^t:K>\dl'71^Z,Z\£*■5!mz 

^isn-jtff-r-sfctf). sa?fe^>f>-^i±^fi]-cfe*o 
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Sl«Kill*Wtti:-r*CtlzJ:oT. «»*fcl*SWM- 
[00 29] flTSftaXlEfll** Cfi*tf L/OKlCfel* 

LT%X*>ftTl*£ffi-^fcfi<D&fflli. 1 4 9 0 nm~ 

1 6 1 onm. fecfct/. -ttusi-t-efc*- #>tr>^& 

^<D®HI£. ftSMI- 1 3 8 O n m~ 1 5 2 O n mtrfc 

[0030] **Bj^nj£-r^fc«)ic5@-r^^>t o >^ 

■ y-X(* % h\ WiLIS. Si. G a A 

I As, InGaAs. InGaAsPt'^. 18ft 

[003 1] ISfcA,ifO>»^ **^CDlg"gS[ia^> 



[0 0 3 2] ±2Lfciy, *f£f8l*. ±T«fcy*4l* 

If >^ ' V-XO)TDM*fettFM(0^ 
Bffi05l*Wi»*(DeHlcfcLNTflEffl**fCU*fflIi 
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